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Abstract. Flooding is one of the manifestations of the harmful effects of water, which is strongly
manifested around the world. Its manifestations are recorded in Ukraine, mainly in the western regions.
In the central, eastern and southern regions, periodic flooding is observed in the basins of large rivers
(Danube, Dniester, Dnieper, etc.). With the beginning of the XXI century local periodic flooding is
increasingly recorded in other areas. And if in the western regions we know almost everything about
the causes and risks of flooding, in other areas there is almost no research and knowledge. Recognizing
the significant economic and social damage from flooding at the state level, the Ministry of the Interior
issued an order approving the "Preliminary Flood Risk Assessment Methodology™ designed to carry
out a preliminary flood risk assessment to identify areas with potentially significant flood risks in all
areas river basins of Ukraine, and other possible sources of flooding, to minimize the negative
consequences associated with flooding, which have an impact on human health, environment,
economy, cultural heritage, etc. To do this, it was necessary to create a risk passport within each
settlement (SM), but in most of them they are missing.

The aim of the work is to show an effective approach to solve the problem of preventing such
a negative phenomenon as flooding in the southern regions on the example of four associations of
territorial communities (TC) of Belgorod-Dniester district (formerly Tatarbunary). The subject of
the study were the factors of formation of this negative phenomenon within 34 SM.

To solve this problem, an approach (algorithm), which consists of three main stages and the
application of GIS programs Arc Map method 3D analysis, is proposed. At the same time, one of
the main elements of the study was the existing hydraulic structures (HS). Based on the results of
work within each state of emergency, the types, location, quantity and technical condition of the HS
were determined. Maps of availability and technical condition of the HS, places of possible flooding
with the direction of the main water flows are compiled in electronic form.

The approach mentioned in this paper allows to minimize, and in some places to remove in
the future such a negative phenomenon as flooding within a single state of emergency.

Keywords: harmful effects of water, flooding, settlement, hydraulic structures, protection.

Introduction. Harmful effects of water are important environmental, socio-economic problems,
which includes three main areas: flooding, inundation, pollution of surface and groundwater sources.

Flooding, as a phenomenon, can be observed in almost all geographical areas of Ukraine, and
is determined by raising the groundwater level (GW) to critical levels, which are determined by a
set of criteria. In the territory of Odesa region flooded territories are considered lands with depths of
up to 2.0 m, potentially flooded — from 2.0 to 3.0 [1]. Pollution of surface and groundwater sources
is closely linked to flooding and inundation, and is also widespread.
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Manifestations of flooding, until recently, were considered to be characteristic of mountainous
areas and areas adjacent to large rivers. In Ukraine, this phenomenon is more pronounced in the
western regions, but in recent decades is increasingly recorded in the southern regions, including
and in the Odessa region.

In general, flooding is caused by floods, which occur when water goes beyond its normal shores
and floods large areas of land [2]. Usually the result is a significant increase in water level. The reason:
on rivers — due to increased water inflow due to rain, melting snow, etc.; on lakes or reservoirs — due to
the excess of water inflow over outflow. Sometimes the reason for theflooding can be the wind, which
"catches up™ with the water; difficulty of leakage due to technical malfunctions in artificial reservoirs
or the formation of natural dams, which sometimes occur on mountain rivers due to landslides (usually
after earthquakes); breakthrough of water on the plain, the level of which is below the water level.
Such floods usually occur due to the break of dams or changes in the riverbed.

According to Article 1071 of the Water Code of Ukraine, paragraph 7 of the "Action Plan for
the Implementation of the Concept of Risk Management of Man-Made and Natural Emergencies for
2015-2020", approved by the Cabinet of Ministers of Ukraine Ne419-r, dated March 25, 2015,
implementation of the provisions of Directive 207/60/EC of the European Parliament and of the
Council of 23 October 2007 on flood risk assessment and management, the Ministry of the Interior
issued an order "On approval of the Preliminary Flood Risk Assessment Methodology" in order to
carry out a preliminary flood risk assessment, which will identify potentially significant flood risks
in all areas of Ukraine's river basins and other possible sources of flooding, to minimize the
negative consequences associated with flooding that affect human health, environment, economy,
cultural heritage, etc. [3].

During the preliminary flood risk assessment in 2018, floods caused by river waters were
considered. A total of 3.222 rivers flow within Ukraine, each of which is a potential source of flooding
emergencies. However, the hydrological study of these rivers is not very perfect, as evidenced by the
small number of hydrological posts. Of the above number of rivers, hydrological posts are located on
only 217 of them, which is not even 10%. The worst studied area is the Black Sea river basin, where
only three hydrological posts on three of the 67 rivers are located [4].

According to the above, local (settlement, city, district, regional) Passports of risk of
emergencies and programs for their implementation were to be adopted. But in fact the program was
adopted only at the regional level. In the direction of protection of rural NP and agricultural lands from
harmful effects of water in the programs of Odessa region provided:

— construction, reconstruction and overhaul of six hydraulic structures, four protective flood
dams;

— construction and reconstruction of four shore protection structures;

— clearing and settlement of riverbeds and reservoirs, restoration of favorable hydrological
regime and sanitary condition of rivers by 21.8 km;

— reduction of surface runoff intensity, afforestation and flooding of 434 ha of coastal protection
strips;

— conducting research and design and survey work;

— creation and reconstruction of production bases for the operation of flood protection facilities;

— acquisition of technical means for the operation of flood protection facilities [5, 6].

According to "Passport ..." in the Odessa region in the risk zone of flooding within the study
areas fall with. Nerushay, Bashtanivka, Strumok and the city of Tatarbunary due to the nearby
Nerushay, Dmytrivsky and Kagach reservoirs [7]. This did not take into account flooding, which has
been on the test sites since 2000.

Analysis of recent research and publications. The analysis of the existing materials testifies to
the practical absence of scientific publications of specialists on flooding of the state of emergency in
the southern part of Ukraine. Most studies and articles cover the state of this phenomenon in the
western regions [8, 9, etc.]. Basic information about the phenomenon that occurred can be obtained
only from periodic sources [10, 11].
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The aim of the work is to show an effective approach to solve the problem of preventing
such a negative phenomenon as flooding in the southern regions on the example of four united
territorial communities (UTC) of Belgorod-Dniester district (formerly Tatarbunary). ldentify
possible causes of flooding and prospects for their elimination to minimize the negative
consequences. The subject of the study were various HS in each locality.

Materials and methods of research. Analysis of materials and field studies were conducted
within 33 SM four UTC in the period 2020-2021. At the same time, the existing materials for the
30-year period were processed - mostly newspaper articles and eyewitness accounts.

The following research methods were used during the works:

— empirical method — field and in-house work (detection of existing HS, visual assessment of
their technical condition, capacity measurements, clogging of the watercourse before and after the
HS, photography, analysis of the data);

— methods of theoretical research — formalization of the obtained data in the form of
construction of various maps and maps and verification of some assumptions using field materials;

— universal research methods — analysis of the obtained systematized data using GIS
programs Arc Map, interpolation method 3D analysis [12, 13].

The main problem in studying the state of flooding of the state of emergency is the lack of any
observations and knowledge about the number of HS in each state of emergency. The "Methodology of
preliminary flood risk assessment" with variations of the author was taken as a basis [14].

The work was performed in several stages.

At the first stage, in-house training was conducted, which consisted of studying the existing
literary materials and Internet resources in the area of work. Data on the state of emergency of the
district: number of UTC, state of emergency, area of state of emergency, number of buildings and
yards, sources of water supply, availability of water supply and sewerage network, data taken from
previous work on flooding and partially covered in [15-17]; preparation of cartographic material 1:
10000 scale: copying from master plans, tracing, making copies; development and preparation of
plans for field work: preparation of "draft" maps, definition and compilation of symbols, definition
of routes. In addition, the analysis of weather and climatic conditions was carried out, namely the
amount of precipitation and their intensity.

The second stage — field work, which was performed on certain routes. At the same time, all
available HS were recorded in each state of emergency — bridges, pipe crossings, storm drains, sluices,
etc.; places of possible ingress of rain and melt water (beams, depressions); the presence of storm drains.
At the location of the HS measurements of the capacity of the structure were carried out — width and
height were measured; the description of a structure and appearance was carried out; the object was
photographed; locations were plotted on the map. The results of the observation were recorded in a field
diary. During the survey, additional sources of water (lakes, reservoirs, ponds, water supply, sewerage,
etc.) and pollutants (landfills, burial grounds, chemical warehouses, farms, etc.) were identified.

At the third stage, in-house processing of materials obtained as a result of the second stage (field)
was carried out, namely the analysis of the obtained data and their systematization using GIS programs
Arc Map, interpolation method 3D analysis. At this stage, on the prepared cartographic basis within
each state of emergency, places of possible flooding were applied, taking into account the provisions
[14]. The assessment of the state of the HS was carried out on the following indicators: the state of
"good" (the building is not clogged, the channel before and after the HS is relatively clean); condition
"satisfactory” (the building is partially clogged, the channel before and after the HS is partially
clogged); condition "unsatisfactory™ (the building is clogged, the channel before and after the HS is
clogged). Data on rainfall were compared with known floods in the study area.

Research results. Within this area of work, local and major floods may occur in 11 SM, namely
in the villages of Bashtanivka, Borysivka, Hlyboke, Delzhiler, Division, Zhovtiy Yar, Zarichne,
Kochkuvate, Novooleksiyivka, Nerushai and Strumok, as well as the city of Tatarbunary. The total
area of possible flooding may be more than 845 hectares. To obtain the above information, the
availability, quantity and technical condition of the HS in each state of emergency were analyzed;
distribution of the amount and intensity of precipitation, the possibility of additional water supply. For
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each state of emergency in electronic form maps of the place of possible flooding are constructed,;
location and technical condition of the HS (Fig. 1). For the city of Tatarbunary, a separate photo
catalog and a map of the availability and technical condition of the HS.

Divisiya - | Divisiya - 11

Bashtanivka

areas of possible flooding

- potentially flooding of the territory

- direction of surface water floodina of the territor
flows (precipitation) - J y

Fig. 1. Map of the manifestation of the harmful effects of water within the village
Bashtanivka and the village Divisiya

The main findings on the coverage of flooding will be considered in detail in the example of
Tatarbunary.

In total, there are 47 main HS within the city (Fig. 2). Most of them are pipe (25) and adjacent
crossings (9); 6 pedestrian and 5 road bridges; two gateways.

At the same time, there are 13 HS in "good" and "satisfactory" condition, and 21 in
"unsatisfactory” condition. The vast majority of unsatisfactory condition of HS is related to pipe
crossings (17 units) (Fig. 3).

Unsatisfactory condition is caused mainly by clogging of riverbeds or drains and storm drains
with vegetation (mostly reeds) with various debris, which make it impossible for water to pass
sufficiently, causing it to overflow. Non-catastrophic flooding within the city is caused by the
absence or clogging of existing storm drains, poor planning of buildings and engineering structures.
Such a negative example is the market area, where even with a small amount of precipitation
flooded the area. Flooding of drained lands is caused mainly by the deterioration of the system,
clogging of drainage canals and unsatisfactory condition of the HS.

The following indicators were noted in the photo catalog: type of HS; its serial number and
reference to the street and the house; technical parameters: width, length, diameter; visual
assessment of capacity; the state of the channel before and after the HS.
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Fig. 2. Available number of HS in Tatarbunary Fig. 3. Technical condition of HS in Tatarbunary

Conclusions. Flooding, as a factor, takes place in the research area of Belgorod-Dniester
district of Odessa region. Its manifestations and intensity depend on many factors, but the main
ones are the technical condition of hydraulic structures (bridges, crossings), drainage (where it is)
and the water supply network in combination with weather and climatic conditions. Within the area
of work with 33 SM and the city of Tatarbunary in just over 32% may be signs of flooding. At the
same time, flooding of territories within the state of emergency and adjacent territories can be
caused by two main factors: external and internal. The most catastrophic floods (Tatarbunary and
Novooleksiyivka, Bilolissia — 2013, Division — 2020) over the past twenty years caused by the
arrival of a significant amount of water from outside, namely from neighboring areas: the break of
the reservoir dam near the village. Tarutine, the break of the dam of the reservoir in Moldova near
the Ukrainian village of Minaylivka, the arrival of water on the river Hadzhider. It is these
settlements and lands are located in the estuaries of the rivers Kogilnik, Sarata and Hajider.

Internal factors that provoke and cause flooding are primarily related to the technical
condition of the HS (bridges, pipe crossings, sluices, existing storm drains), the condition of
existing natural drains (beams, depressions, small ravines, etc.), small rivers and their valleys. Their
clogging or faulty condition, even with light rainfall, can lead to flooding. An example of this is the
flooding of the central part of the city and places adjacent to the Kagach-Fontanka riverbed in 2001,
when more than 50 mm of rain fell in a few hours, and clogged HS caused water to flow out of the
riverbed [10, 11]. A separate item should highlight the technical condition of the dams of the
Kagach, Dmitrov and Nerushay reservoirs and monitoring the dynamics of volumes in these
reservoirs. According to "Passport ..." in the Odessa region in the risk zone of flooding fall with.
Nerushay, Bashtanivka, Strumok and the city of Tatarbunary due to the nearby Nerushay,
Dmytrivsky and Kagach reservoirs [7].

To minimize the manifestations of flooding it is necessary:

— to develop for each state of emergency "Passport of risk of emergencies" and a program for
their implementation;

— for this purpose it is necessary to carry out inventory of existence and a condition of hydraulic
engineering constructions within each state of emergency, possibilities of access system, to carry out
the analysis of scales of previous floods;

— identify the main priority areas of activity and those responsible for maintaining the existing
GTS in good condition;

— to obtain from the owners of reservoirs detailed exploration work on the condition of dams
with the determination of physical and technical indicators of these structures;

— if necessary, involve specialists in solving these problems by engineering methods.
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In this paper, the approach using GIS programs Arc Map, a method of interpolation 3D analysis,
allows you to assess the state and prospects of flooding in a particular state of emergency, a particular
territorial community (PTC), district and region as a whole. The availability and technical condition of
hydraulic structures, the direction and place of possible flooding, etc. can be made on the ready
cartographic basis. Such information about the state of emergency makes it possible not only to identify
areas with manifestations of harmful effects of water, but also to identify places and priority areas where
it is possible to prevent the manifestations of such a negative phenomenon. It is much better to prevent
than to overcome the consequences, which are not only purely economic but also social.
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BII «Ilpuuopromopcokuii yenmp 600HUX pecypcie ma IPYyHmMie»

ByJ. TatapOyHapchKoro MoBCTaHHs, 2a, M. TatapOynapu, 68100, Ykpaina

AHoTauis. 3aTOIUIEHHS € OJHUM 3 INPOSBIB IIKIIMBOI Jii BOJ, SIKE MOTYXHO IMPOSIBIISETHCS B
ycboMy cBiTi. oro nposiBu (ikcyroThes i Ha TepuTOpii YKpaiHH, IIepeBaXHO B 3aXifHuX 00acTsx. B
HEHTPAITBHUX, CXITHUX 1 MIBICHHUX OOJACTSIX MEpiOJMYHI 3aTOIUICHHS CIIOCTEPIraloThesl B OaceiiHax
Benukux pidok (ynaii, micrep, Jninpo Ta iH.). 3 mowatkom XXI CT. JIOKaJbHI IEpioAWYHI
3aTOIUICHHSI BCE yacTime (IKCYIOThCS 1 Ha HIMX TepuTopisx. | sKmo B 3axigHUX 00JACTIX TPO
MIPUYMHY 1 PU3HUKH 3aTOIICHHS MU 3HAEMO Maiike BCE, TO Ha IHIIIN TEPUTOPIi TOCIIHKEHHS 1 3HAHHS
MPAKTUYHO BiACYTHI. Po3ymiroun 3HaYHy €KOHOMIUHY 1 COIiaJibHY IIKOJY BiJl 3aTOIJICHHS Ha PiBHI
nepkaBu, MiHICTEpCTBOM BHYTPILIHIX clpaB OyB BHJAHHI Haka3 Mpo 3aTBepKeHHS «MeToauKu
TIOTIEPETHBOT OIIHKM PH3HKIB 3aTOIUICHHS», fKa PO3po0JieHa 3 METOK 3IIMCHEHHS IMONepeaHbOL
OLIHKM PH3WKIB 3aTOIUICHHS Ui BU3HAYCHHS TEPUTOPIH, SKi MAIOTh MOTEHLIHHO 3HAYHI PH3HKU
3aTOIUICHHSI Y BCIX palloHax piukoBUX OaceiHIB YKpaiHW, Ta iHIII MOXJIMBI JDKEpena 3aTOIUICHHS,
MiHIMI3yBaTH HEraTHBHI HACITIIKHU, OB S3aH] 13 3aTOIJICHHSM, SIKi MAlOTh BILTUB Ha 3JI0POB’S JIIOIEH,
JOBKULISI, EKOHOMIKY, KYJIBTYPHY CHAJIIUHY TOLO. /I IIbOro B Meax KOXKHOTO HaceIeHOro MyHKTY
(HIT) HeoOx1/1HO OyJI0 CTBOPUTH MACHOPT PU3HKY, ajie B OUIBIIOCTI 3 HUX BOHU BIICYTHI.

Mertoro poOOTH € TIOKa3 J11€BOTO MIXOy /10 BUPILIEHHS MUTaHHS LIOJ0 MONEPEHKEHHS TaKOro
HEraTMBHOT'O SIBUIIA SIK 3aTOIUIEHHS B MIBAEGHHMX pErioHaXx Ha MPHKIIaAl YOTHPHOX OO0’ €HAHHSX
teputopianbHux rpoMan (OTT) binropoa-/lHicTpoBebkoro paiony (B MuHysnoMmy TatapOyHapchbKoro).
ITpeameTom nociikeHHs OyJIM YUHHUKH (DOPMYBAHHS LIbOT'O HEraTUBHOTO siBUIIA B Mexax 34 HII.

Jlnia BuUpileHHS AaHOI MPOOJIeMU 3ampONOHOBAHUM MiAX1f (aNTOpUTM), KU CKIIAJAeThCs 3
OCHOBHUX TpbOX eTamiB Ta 3actocyBaHHs ['IC mporpam Arc Map meron 3D anani3. [Ipu upomy
OJIHMM 3 TOJIOBHHMX €JIEMEHTIB BHMBUEHHS CIyryBaiau HasBHI Tiapotexniuni cropyau (I'TC). 3a
pesyibTaTamMu pobotu B Mexkax koxkHoro HIT Oynm Bu3HaueHi BUIU, PO3MIIIEHHS, KUIBKICTH 1
texHiyHMi ctan ['TC. CkiazieHi B €IeKTPOHHOMY BHIVISJII KapTH HAsBHOCTI 1 TEXHIYHOTO CTaHy
I'TC, micust MOKJIMBOTO 3aTOIUIEHHS 3 HAIIPAaBJIEHHIM OCHOBHHUX IOTOKIB BOJH.

3a3HaueHui B JaHii poOOTI MigXiJ J03BOJSE MIHIMI3yBaTH, a MOAEKYAM 3HATH HAa MallOyTHE
Take HeraTHBHE SBUIIIE 5K 3aTOIICHHS y Mexax okpemoro HIT.

Kurouosi ciioBa: mikiumBa Jis BOJ, 3aTOIJICHHSI, HACEIEHUN MyHKT, T1IPOTEXHIUHI CIIOPYAH,
3ax¥CT.
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AHHOTAUUsA. 3aTOIUICHHE SABIAETCA OIHUM H3 IPOSIBICHWHA HETaTUBHOIO JEHCTBHSA BOJ,
KOTOpO€ CHIJIBHO TPOSIBIISIETCS BO BceM Mupe. Ero mposiBieHus: (GUKCHPYIOTCS U Ha TEPPUTOPHU
VKpauHbl, NPEUMYILECTBEHHO B 3alaJHbIX o00JacTsAX. B ILEHTpanbHBIX, BOCTOYHBIX M HOKHBIX
00JacTAX MEepUOIMYECKHE 3aTOIUieHus HaOmogaroTest B OacceitHax KpynHbIX pek (ynaii, Jduectp,
Huenp u 1p.). C Hayanom XXI Beka J1okajbHbIe IEPHOANYECKUE 3aTOIUICHUS BCe Yalle (GUKCUPYIOTCS
W Ha JIPYrux Tepputopusix. M eciam B 3amagHbIX OOJIACTSAX O MPUYMHAX M PHCKAX 3aTOIUICHUS MBI
3HAeM I0YTHU BCE, TO HA OCTAJIbHON TEPPUTOPUU UCCIIENOBAaHUS U JAHHBIE IPAKTUYECKU OTCYTCTBYIOT.
[Tonnmasi 3HAYUTENBHBIA SKOHOMUYECKHMM U COLMATIBHBIA yIIepd OT 3aTOIUIEHUST Ha YpPOBHE
rocyapcTBa, MHUHUCTEPCTBOM BHYTPEHHUX Jed ObUI M3JaH NIpHuKa3 00 yTBepxaeHUH «MeToauKu
[IPEBAPUTEIbHON OLEHKH PHUCKOB 3aTOIUICHHS», pPa3pabOTaHHBIA C LENbI0 OCYILECTBICHUS
IIPEBApUTEIbHONM OLICHKM pHUCKOB 3aTOIUICHHUs JJIs  ONPEAEICHUS TEPPUTOPUM, HMEIOIIUX
MOTEHIMAIbHO 3HAUUTENIbHBIE PUCKU 3aTOIIEHUSI BO BCEX pailOHAX PEYHbIX OacceHOB YKpauHbI U
Jpyryue BO3MOXKHbIE NCTOUHUKH 3aTOIUIEHUS, MUHUMHA3UPOBAaTh HEFATUBHBIE NIOCIIEACTBHUS, CBSI3aHHbIC
C 3aTOIUICHHEM, KOTOpbIE OKa3blBAIOT BIIMSHUE HAa 3/I0pPOBbE JIIOJIEH, OKpYXAloIlyl0 Cpeny,
HKOHOMHUKY, KyJIbTypHOE Hacyieaue u T.4. st 3Toro B npezenax kaxaoro HacesneHHoro nyHkra (HIT)
HE00X0AMMO OBIJIO CO3/1aTh TACHIOPT PUCKA, HO IPAKTHYECKH B KakaoM u3 HIT oHM OTCYTCTBYIOT.

Lenbto paboThI ABISIETCS [TOKA3 JEWCTBEHHOI'O MOIX0/1a K PELIEHHIO BOIPOca MPEayIpeKACHUs
3aTOIJIEHUSI B IOJKHBIX PErMOHaX Ha MPHUMEpE YeThbIpeX OOBEAMHEHHBIX TEPPUTOPHATIBHBIX OOLIMH
(OTO) Benropox-/InectpoBckoro paiiona (B mpouuiom TarapOyHapckoro). IIpeamerom
HCCIIEI0BaHUS SBISIMCH (akTopbl popMupoBaHUs 3aToruieHus B npenenax 34 HII.

Jnis peuieHUs JaHHOM HpoOJeMbl MPEUIOKEH MOAX0JA (AITOPUTM), COCTOSIIMHA W3 Tpex
ocHOBHBIX 3TanoB u npumenenus ['IC nporpamm Arc Map meroa 3D ananus. Ilpu sTom ogHum u3
TJIaBHBIX AJIEMEHTOB M3Yy4eHUs ciayxuiu ruaporexundeckue coopyxenus (I'TC). Ilo pesynbraTam
pabotel B mpenenax kaxaoro HII Obuin ompeneneHbl BUAbl, pa3MEIIEHUE, KOJIMYECTBO H
texHuueckoe cocrosiHue I'TC. CocTaBneHsl B 2JIEKTPOHHOM BHJIE KapThl HAJIMYUSA U TEXHUYECKOTO
cocrostHus I'TC, MecTa BO3MOXKHOIO 3aTOIUIEHHUS C HAIPABIEHUEM OCHOBHBIX TOTOKOB BOJBI.

VYkazaHHBIN B JaHHOW paboTe MOJX0/ MO3BOJIIET MUHUMHU3UPOBATh, 3 B HEKOTOPBIX CIIydasx
B OyyllleM CHSTh TAKOE HEraTHBHOE SIBJICHHUE KaK 3aTOIJIEHHUE B npezaenax otaensHoro HII.

KioueBble cJI0Ba: HETaTUBHOE JICHMCTBUE BOJ, HABOJHEHWE, HACEICHHBIA IIYHKT,
TUIPOTEXHUYECKHUE COOPYKEHMSI, 3alllUTa.
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